The ~bX174 gene E product (gpE) causes lysis of Escherichia coli by inducing the host autolytic system. Experiments were carried out to ascertain which part of the 91 amino acid polypeptide carries the functional site for this process. For this purpose fusion genes were created comprising the first 51 codons of gene E and unrelated sequences coding for 102 or 33 amino acids respectively. The chimeric protein of 153 amino acids consisting of the N-terminal part of gpE and a fragment of/~-galactosidase, was neither able to lyse E. coli nor to restore /~-galactosidase activity by c¢-complementation. Expression of the 84 amino acid polypeptide, however, was able to induce lysis of E. coll. It is therefore concluded that the functional lysis-inducing site of gpE is located within the cloned N-terminal part of gene E. In the shorter chimeric protein the sequence following the functional site was tolerated or necessary for stabilization, but in the longer chimeric protein, the C-terminal sequence disturbed the lysis-inducing conformation.
INTRODUCTION
Bacteriophage q~X 174 is a small single-stranded D NA phage whose DNA has been sequenced (Sanger et aL, 1978) . The essential role of gene E of ~X 174 in host cell lysis was first detected by means of phage mutants (Hutchison & Sinsheimer, 1966) . Later, it was shown that expression of the cloned gene E causes lysis of Escherichia coli and that no other phage gene product is needed for this process (Henrich et al., 1982a; Young & Young, 1982) .
Recently, it has been shown that the E gene product (gpE) is incorporated into the cytoplasmic membrane of E. coli (B1/isi et al., 1983) . Lysis of E. coli by gpE depends on the regulation of the cellular autolytic system (Lubitz et al., 1984a) and a functional autolytic system is needed for this process (Lubitz et al., 1984b) . The observation of Tessman & Tessman (1978) that amber mutants in the C-terminal region of gene E of the (kX 174-related phage S 13 were still able to lyse E. coli suggested that, in the case of ~bX174 also, a complete gpE is not necessary to induce lysis of E. coll. In order to prove this assumption, hybrid genes were constructed to determine the functional site of gpE with respect to its autolysis-inducing capacity. and plasmids. E. coli K 12AH 1Atrp [Sm R, lacZam, Abio-uvrB, Atrp EA2 (2Narn7 Nam53 c1857AH1) ], plasmid PLa2311 and plasmid PLc236 (Remaut et al., 1981) were provided by E. Remaut, University of Gent, Belgium. E. coli CA i ql thL cap, cya, strA, recA F'laci ql lac + pro+], thL gpSOdlac, zAM15, ara, strA, recA] , and plasmid pUH222 (Riither et al., 1981) were provided by U. Riither, EMBL, Heidelberg, F.R.G. Plasmid pUH 12, which was from our collection, has been described by Henrich et al. (1982a) .
METHODS

Bacteria
Growth conditions. Cells were grown in LB medium containing (per litre) 10 g tryptone, 5 g yeast extract and 5 g NaCI. Cells carrying plasmids were grown in the presence of 200 Ixg/ml ampicillin or 50 ~g/ml kanamycin. E. coli K 12AH 1Atrp, harbouring plasmids pSB4 or pSB 12, was normally grown at 28 °C or shifted to 42 °C to inactivate the thermosensitive el repressor. E. eoli CAi q 1 transformed with either plasmid pU H 12 or pSB 1 was grown at 37 °C in all the experiments. Assay of ct-complementafion. Assay of ct-complementation and determination of fl-galactosidase activity was according to Miller (1972) .
Recombinant DNA techniques. Preparation of plasmid DNA, transformation, isolation of DNA fragments and electrophoresis of DNA were carried out as described previously (Henrich et al., 1982a, b) .
Enzymes and chemicals. Restriction endonucleases used, as well as T4 DNA ligase, were purchased from Boehringer Mannheim. Ampicillin and kanamycin were from Sigma and Boehringer, respectively.
RESULTS AND DISCUSSION
Two new plasmids were constructed in which the nucleic acid sequences after the first 51 amino acid codons of gene E (designated hereafter as E') were replaced by unrelated sequences (Fig. 1) . In plasmid pSB1 the ribosomal binding site of gene E is proximal and in pSB3 distal to the lac p o transcription region of plasmid pUR222. Additionally, in plasmid pSB 1 the coding sequences of the E' fragment were fused in frame to the N-terminal sequences of the flgalactosidase (z'-fragment) carried on the plasmid (Riither et aL, 1981) . Thus, the newly created hybrid gene E'z' codes for a polypeptide starting with the first 51 amino acids of gpE followed by 102 amino acids of the z'-fragment as given in Fig. 2 .
It should be emphasized that the hybrid gene E'z' in plasmid pSB1 and the native gene E in plasmid pUH12 are both under transcriptional control of the lacp o region. Therefore, addition of isopropylthiogalactoside (IPTG) to inactivate the lac repressor in cultures of E. coli carrying one of the plasmids should give the same transcriptional activity. As can be seen from Fig. 3 (a) , addition of IPTG to a sample of E. coli CAi ql (pUH12) in the exponential growth phase was followed by lysis of the culture, whereas the same procedure had no effect on similar cultures carrying plasmid pSB1.
The loss of the ct-complementation capacity of gpE'z' revealed that conformational changes must have taken place. It was therefore possible that presumed lysis properties of gpE'z' were also affected. To prove this hypothesis, the same E' sequence was fused to another unrelated sequence in plasmid pSB4 (Fig. 1) .
By this procedure the entire N-terminal part of the ampicillinase gene, including its transcription and translation regulatory sites, was substituted by ~bX174 DNA. The insertion was out of frame with respect to the ampicillinase coding sequences, creating a new hybrid gene starting with the coding sequences of the gene E' fragment followed by 33 other random codons before the occurrence of an ochre stop codon, as determined from the nucleotide sequence of the ampicillinase gene (Sutcliffe, 1979) . The resulting amino acid sequence of the newly created hybrid gene E'a' is given in Fig. 2 . For comparison of the lysis-inducing activity of the E'a' polypeptide with that of the native gpE, both genes had to be transcribed from the same promoter site. For this purpose, the original q~X174 DNA from plasmid pUH12 was inserted into plasmid PLc236 (Fig. 1) .
The 2 promoter sequence PL and the non-coding sequences up to the EcoRI site of plasmid PLc236 correspond exactly to the promoter site of plasmid PLa2311 except for the orientation (Remaut et al., 1981) . Transcription of gene E and gene E'a' from plasmid pSB12 or pSB4, respectively, is controlled by the temperature-sensitive/l repressor ci857, which is coded by a defective prophage carried in strain K12AH1Atrp. Temperature upshift of an exponentially growing culture of E. coli K 12AH 1Atrp(pSB 12) from 28 °C to 42 °C was followed by lysis of the culture (Fig. 3b) .
Onset of lysis was approximately 10 min after temperature upshift and lysis proceeded very rapidly until complete clearing of the sample within another 10 min. Temperature upshift of E. coli K12AH1Atrp(pSB4) was also followed by lysis of the culture (Fig. 3b) . Onset of lysis by gpE'a' was delayed for more than 20 rain when compared to lysis induction by native gpE. The rate of lysis was also impaired, requiring more than 2 h for complete lysis of the culture.
The difference in the lytic properties of gpE'z' and gpE'a' could signify that the cut after the 51st codon of gene E is close to its functional site. It is possible that the unrelated amino acid sequences following the E' polypeptide in gpE'a' have a stabilizing effect on the conformation of IT E ETI' T T. E T P P E Fig. 1 . Construction of plasmids containing native gene E or chimeric genes E'a" and E'z'. From pUH12, a 1011 bp EcoRI fragment of q~XI74 DNA comprising the entire gene E and a 231 bp Taql fragment were isolated. The EcoRI fragment was inserted into the EcoRI site of PLc236 giving rise to pSB12. After insertion of the isolated TaqI fragment into the TaqI site of the poly-linker region of pUR222, plasmids pSBI and pSB3 were obtained. From pSB3 the ~bX174 sequence was re-isolated as a PstI-EeoRI fragment and inserted into PLa2311, giving rise to pSB4. The orientation of gene E in pSBI2 was determined by TaqI Comparison of the amino acid sequences of the q~X174 gene E product and the chimeric gene E'a' and gene E'z' products. The sequence given for gpE is according to Barrell et al. (1976) . The boxed sequence is analogous to the gene E' fragment. For the gene E'a' product (gpE'a') of plasmid pSB4 and the gene Uz" product (gpE'z') of plasmid pSB1, only sequences corresponding to the a' and z' fragment are given. The one-letter amino acid symbols are according to Fasman (1976) . E'a" and E'z" in E. coli. (a) Strain CAi q~ was transformed either with pUH12 or pSB1 and grown in LB medium containing ampicillin at 37 °C. At exponential growth of strain CAiq~(pUHI2) (0) or strain CAiq~(pSBI) (O), IPTG was added at the time indicated by the arrow, to aliquots of strains CAiql(pUH12) (A) and CAiql(pSB 1) (m) to give final concentrations of 5 × 10-a~l. (b) Strain K 12AH 1Atrp was transformed either with pSB 12 or pSB4 and grown in LB medium at 28 °C containing ampicillin or kanamycin, respectively. At exponential growth of strain K12AH1Atrp(pSBI2) (O) or strain K12AH1Atrp(pSB4) (A), at the time indicated by the arrow, aliquots of strains K12AHIAtrp(pSB12) (,) and KI2AHtAtrp(pSB4) (0) were shifted to 42 °C.
